Knowledge of a patient's weight (real or predicted) and height is essential for precise management in the intensive care unit (ICU). Weight and height are routinely used for critical calculations. Unfortunately, accurate measurements of weight and height are rarely available when patients are admitted to the ICU 1 . Since critically ill patients frequently arrive unconscious or otherwise incapacitated, accurate measurements of weight and height are often difficult to obtain 2 . In addition, there is a lack of bed scales in a substantial proportion of ICUs 1 . Drug dosages and infusion rates in adults are usually based on body weight 3 . Several drugs commonly used in ICU such as heparin, thrombolytics, drotrecogin alpha 4 and recombinant factor VII have a narrow therapeutic window. Overestimation of weight leads to drug overdosing which can result in increased toxicity and costs. On the other hand, underestimation of weight leads to drug underdosing which potentially results in suboptimal therapeutic effects. Although weight-based dosing is mandatory in the adult population, patient weight is commonly estimated without confirmatory measurement 5 . Patient weight is not only limited to dosing medications. Other calculations, such as nutritional prescriptions 6 using Harris-Benedict's formula 7 or the Cockcroft-Gault estimation of glomerular filtration rate 8 are also based on patient weight. Finally, height is needed to calculate predicted body weight 9 , a critical variable to set the tidal volume. Excessive tidal volume induces alveolar overdistension, which is one of the major mechanisms of ventilator-induced lung injury [9] [10] . Few studies have explored the impact of visual estimation on critically ill patients. A telephone survey of 20 ICUs in the United Kingdom 1 confirmed that visual estimation of patient weight was frequently performed without confirmatory measurement. This observation is also reflected in our setting where physicians and nurses commonly estimate body weight and height without confirmatory measurements. However, some studies suggested that estimations of weight and height might be inaccurate 1, [11] [12] . Therefore, we prospectively investigated the accuracy of visual estimation of weight and height among critically ill patients who were admitted to our ICU. Preliminary results of this study have been partially reported in an abstract format 13, 14 .
MATERIAL AnD METHODS

Patients and setting
Included in the study were critically ill adult patients admitted to a 10-bed mixed medical and surgical ICU at a university hospital between October and December 2008. Institutional Review Board approval was obtained for this study. 
Definitions
Procedures
Patient weight and height were measured upon admission to the ICU. Patients were weighed by a physician with a calibrated stretcher scale (T3 metric ® ). The scale was calibrated before use. Patients were set in a neutral position (supine) and measured by a physical therapist using a standard measuring tape. neither of these investigators participated in the estimations of weight or height. Within the following six hours, attending physicians and nurses who were blind to prior measurements, estimated patient's weight, predicted weight (both measured in kilograms to the nearest kilogram) and height. In order to make their estimations, physicians and nurses were asked to observe each subject as long as they needed. In order to avoid cross contamination, these blinded investigators were requested to keep their results confidential. To avoid self-calibration, another physician (PM) collected all estimates and concealed the results.
The primary endpoint was the average error in the estimation compared to the actual measurement of a) weight b) predicted weight and c) height, for ICU physicians and nurses. Overall, accuracy was defined as an estimation falling within 10% of patient's weight (measured), 10% of patient's predicted body weight and 5% of patient's height (measured). Secondary endpoint included estimation of weight within 10 to 20%, estimation of height within 5% and correlation among different observers.
Statistical analysis
Descriptive statistics were used as appropriate. To enhance clinical relevance differences between visual estimates and measured values, they were expressed as percentage of the measured value. Fisher's exact test or Mann-Whitney U tests were used as appropriate. Two-sided tests were used and P values <0.05 were considered statistically significant. Bland-Altman analysis 14 was used to assess agreement between the two methods (measurements and estimations). Limits of agreement (95% of samples) were specified as bias ±1.96 SD (average difference ±1.96 standard deviation of the difference). All statistic analyses were performed with SPSS version 11.0 (SPSS Inc, Chicago, IL, USA).
RESULTS
Forty-two consecutive patients were measured during the study period (24 male, 18 female). The average measured weight of the men was 81.8±17.3 kg, predicted body weight was 67.7 kg (±9.26) and height was 172 cm (±9.78). The body mass index for men was 27.57 (±4.85). The average measured weight for women was 68.6 kg (±24.9), the predicted body weight was 51.7 kg (±9.51) and measured height was 159.2 cm (±10.45). The body mass index for women was 26.46 (±6.22).
Mean average error in the estimation of actual weight was 11.5% and it was similar between different observers (P=0.846) ( Table 1 ). The most frequent error was overestimation in weight (59.9%). Overall, accuracy (within 10% error) in the estimation of actual weight was 56%. Nurses were more accurate than physicians although it was not statistically significant (63% nurses vs 53% physicians, P=0.238). The mean average error in the estimation of predicted weight was 14.2% and it was similar between study groups (P=0.532). Overall accuracy (within 10% error) in the estimation of predicted weight was 40%. Physicians were more accurate than nurses although it was not statistically significant (50 vs 35%, P=0.767).
The mean average error in the estimation of height was 2.5% and similar between the two groups (P=0.46). Accuracy in the estimation of height (error within 5%) was 81% for nurses and 91% among attending physicians (P=0.687) ( Table  1) . Estimations of errors for weight, predicted weight and height are box-plotted in Figure 1 . There were no statistical differences between groups, so they were considered as one for Bland-Altman analysis. There was a fair agreement between height estimation and measurement (95% confidence limits -9.8 to 7.3 cm). On the other hand, there was no agreement between different weights values: 95% confidence limits were -16.9 to 22.9 kg and -20.5 to 6.7 kg, for actual and predicted weight respectively.
Overall, ICU physicians and nurses underestimated actual weight by greater than 20% in 15.6% of cases. Errors greater than 20% in the estimation of weight were less common among attending physicians (Table 1 ). There was no difference between the two groups in the percentage of error >20% (P=0.521).
The predicted weight estimated by physicians and nurses was higher than the calculated predicted body weight. Calculations of tidal volume using estimations of predicted weight differed from the tidal volume obtained using calculated predicted body weight. The mean error in tidal volume utilising estimations for predicted weight estimated was 42.4 (±7.34) ml. An error higher than 20% in calculations of tidal volume occurred in 16.7% of estimations made by ICU physicians and in 23.8% of estimations made by ICU nurses. 
DISCUSSIOn
Our study confirms that ICU physicians and nurses have moderate accuracy in visual estimations of a patient's weight. Approximately half of the weight estimations made by our ICU physicians and nurses were considered accurate (within 10% error of actual weight). In addition, our weight estimations were less accurate than those reported by Fernandez et al 15 , who found that physicians and nurses were accurate in 66% of cases. In agreement with our findings, Bloomfield et al 16 concluded that visual estimation of a patient's weight in the ICU was poor, with almost half of the estimates having ≥10% difference from the real values. Therefore, healthcare workers should be aware that estimation of weight in critically ill patients is often inaccurate. Moreover, these estimations were done in the first six hours after admission; it is probable that the results would be more inaccurate the longer the patient stays in the ICU.
The average error in our series was slightly over 10% and the rate of weight estimation within 20% error was between 83 and 90%. Although these inaccuracies can be acceptable for most drugs, these errors can be clinically and economically significant for specific agents such as drotrecogin alpha or recombinant factor VII. On the other hand, the infusion rates of some life-supporting drugs are set to reach a physiological goal (such as vasopressor or inotropes) or for a laboratory objective (such as heparin): making an error in estimations is not as critical since the infusion can be adjusted by a parameter other than the estimated weight.
To our knowledge, no prior study in critically ill patients assessed the accuracy of estimating predicted body weight. In our study, the estimation of predicted weight by physicians and nurses was also inaccurate and this may lead to mistakes in calculating the tidal volume on mechanical ventilation. In the current investigation, the mean error in tidal volume was over 40 ml, representing an extra volume of 0.6 to 0.7 ml/kg for each respiratory cycle. Moreover, in some patients, the extra volume ranged from 95 to 225 ml, placing the calculated 6 ml/kg of estimated predicted weight into potentially injurious values (e.g. 11 to 13 ml/kg). High tidal volumes induce alveolar overdistension, which is thought to be one of the major mechanisms of ventilator-induced lung injury. A clinical trial demonstrated that limiting the tidal volume between 6 to 8 ml/kg of predicted body weight resulted in lower morbidity and mortality 10 . Therefore, it is important to have accuracy for predicted body weight. Several epidemiological studies on acute respiratory distress syndrome 17 calculated the tidal volume using visual estimations. Consequently, their conclusions may be mistaken due to inaccuracy on predicted body weight estimation.
ICU physicians and nurses estimate height better than weight. Over 80% of height estimations were accurate. Our results are similar to those described by Sanchez et al 5 , who report a mean percentage error in the visual estimates of height of 11% for nursing staff and 11.5% for medical staff. This finding was also in agreement with height estimations determined by Determann et al 18 . Taken together, these observations confirm that estimation of height is more accurate than estimation of weight.
Our study has several limitations. First, measuring patients' height in supine position may result in different height values from those that would be obtained in standing position. However, this bias could not be avoided in the vast majority of critically ill patients. Second, few observers were compared. While a larger number of observers might have improved the precision of pooled estimates, this number would be impractical to obtain and would not reflect our clinical setting. Third, the active and repeated weight estimation by staff members participating in a clinical study may have resulted in increased attention to the requested estimations. As a consequence, self-calibration over the time may have occurred. However, participating staff did not have access to real weight and height measurements until the end of data collection. Therefore, self-calibration during the study was minimised.
COnCLUSSIOn
Our study shows that estimation of a patient's weight and predicted body weight by ICU staff is often inaccurate. Objective measurements with calibrated instruments are necessary in order to achieve accuracy. In addition, a patient's height should be measured to calculate predicted body weight in order to set appropriate mechanical ventilation. Estimated body weight of critically ill patients has implications for drug and ventilatory therapy and should be used with caution.
